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Minimum Safe Altitude Warning 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a Continuation-In-Part 
application of U.S. Patent Application Serial No. 10/638,524, 
filed August 12, 2003, entitled "METHOD AND APPARATUS FOR 
IMPROVING THE UTILITY OF AUTOMATIC DEPENDENT SURVEILLANCE", which 
is incorporated herein by reference in its entirety, which in turn 
is a Continuation of U.S. Patent Application Ser. No. 09/516,215, 
filed on February 29, 2000, which in turn claims priority from 
Provisional Application Ser. No. 60/123,170, filed March 5, 1999, 
both of which are incorporated herein by reference in its 
entirety. 

[0002] The present application is also a Continuation-In-Part of 
U.S. Patent Application Ser. No. 10/319,725, filed December 16, 
2002, entitled "VOICE RECOGNITION LANDING FEE BILLING SYSTEM", 
incorporated herein by reference in its entirety, which in turn 
„ claims priority from Provisional U.S. Patent No. 60/343,237, filed 
December 31, 2001, also incorporated by reference in its entirety. 

[0003] The present application is also a Continuation-In-Part of 
U.S. Patent Application Ser. No. 10/457,439, filed June 10, 2003 
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entitled "Correlation of Flight Track Data with Other Data 
Source", incorporated herein by reference in its entirety. 

[0004] The present application is also a Continuation-In-Part of 
U.S. Patent Application Ser. No. 10/751,118, filed on January 5, 
2004, entitled "Method and Apparatus to Correlate Aircraft Flight 
Tracks and Events with Relevant Airport Operations Inf ormation" 
which in turn claims priority from Provisional U.S. Patent 
Application Ser. No. 60/440,618, filed January 17, 2003, 
incorporated herein by reference in its entirety. 

[0005] The present application also claims priority from 
Provisional U.S. Patent Application Ser. No. 60/440,618, filed 
January 17, 2003, incorporated herein by reference in its 
entirety. 

[0006] The present application is also a Continuation-In-Part of 
U.S. Patent Application Ser. No. 10/743,012, filed December 23, 
2003 entitled "METHOD AND APPARATUS FOR ACCURATE AIRCRAFT AND 
VEHICLE TRACKING" (Alexander E. Smith et al.), incorporated herein 
by reference. 

[0007] The present application also claims priority from 
Provisional U.S. Patent Application Ser. No. UNASSIGNED (Attorney 
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Docket No. RANN-0016), filed January 8, 2004, incorporated herein 
by reference in its entirety. 

[0008] The subject matter of the present application is related 
to the following issued U.S. Patents, assigned to the same 
assignee as the present invention, all of which are incorporated 
herein by reference in their entirety: 

U.S. Patent No. 6,049,304, issued April 11, 2000, entitled 
"Method and Apparatus for Improving the Accuracy of Relative 
Position Estimates In a Satellite-Based Navigation System"; 

U.S. Patent No. 5,999,116, issued December 7, 1999, entitled 
"Method and Apparatus for Improving the Surveillance Coverage and 
Target Identification in a Radar Based Surveillance System"; 

U.S. Patent No. 6,094,169, issued July 25, 2000, entitled 
"Passive Multilateration Auto-Calibration and Position Error 
Correction" ; 

U.S. Patent No. 6,384,783, issued on May 7, 2002, entitled 
"Method and Apparatus for Correlating Flight Identification Data 
With Secondary Surveillance Radar Data"; 

U.S. Patent No. 6,633,259, issued October 14, 2003, entitled 
"METHOD AND APPARATUS FOR IMPROVING THE UTILITY OF AUTOMATIC 
DEPENDENT SURVEILLANCE"; 
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U.S. Patent No. 6,211,811, issued April 2, 2001, entitled 
"Method and Apparatus for Improving the Surveillance Coverage and 
Target Identification in a Radar Based Surveillance System"; 

U.S. Patent No. 6,448,929, issued September 10, 2002, 
entitled "Method and Apparatus for Correlating Flight 
Identification Data With Secondary Surveillance Radar Data"; and 

U.S. Patent No. 6,567,043, issued May 20, 2003, entitled 
"METHOD AND APPARATUS FOR IMPROVING THE UTILITY OF AUTOMATIC 
DEPENDENT SURVEILLANCE". 

FIELD OF THE INVENTION 

[0009] The present invention relates to system for terrain 
avoidance for aircraft. In particular, the present invention is 
directed toward a warning system for warning a pilot when an 
aircraft approaches a minimum safe altitude. 

BACKGROUND OF THE INVENTION 

[0010] Controller Flight Into Terrain (CFIT) is one of the 
leading causes of aviation accidents. When pilots lack 
situational awareness, it is possible to fly an aircraft, under 
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control, into the ground. CFIT can occur in a number of 
circumstances. During Instrument Approaches, if a pilot falls 
below the target flight path, the aircraft may collide with 
terrain or other obstructions. However, many CFIT incidents also 
occur in clear weather. In these incidents, pilot distraction or 
unf amiliarity with a particular airport may cause a CFIT accident 
to occur. 

[0011] The risk of such accidents can be greatly reduced through 
the installation of CFIT avionics, which warn the flight crew when 
they are at risk of a CFIT accident. However, such avionics are 
cost-prohibitive for installations on smaller aircraft, including 
typical general aviation aircraft. In such aircraft, additional 
aviation electronics adds to the weight and clutter of the cockpit 
area. 

[0012] While there are CFIT systems available on the market, such 
as those from Honeywell Corporation (www.honeywell.com), they all 
rely upon the aircraft being equipped with a specific device known 
as a ground proximity warning system. Ground proximity warning 
systems rely on the combination of an on-board terrain database, 
an accurate navigation system, and logic to estimate potential 
collisions with the ground or terrain. If the on-board database 
is not current, then a proper proximity warning may not be given. 
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Thus, for example, if a tower or building is recently constructed 
near an airport, and the database on the plane is not updated to 
reflect this new addition, the system might not provide a warning 
when a collision with such an object is imminent. 

[0013] Other relevant Honeywell references include: U.S. Patent 
No, 6,606,034, issued August 12, 2003, entitled, "Terrain 
awareness system"; U.S. Patent No. 6,571,155, issued May 27, 2003, 
entitled, "Assembly, computer program product and method for 
displaying navigation performance based flight path deviation 
information"; U.S. Patent No. 6,477,449, issued November 5, 2002, 
entitled "Methods, apparatus and computer program products for 
determining a corrected distance between an aircraft and a 
selected runway"; U.S. Patent No. 6,469,664, issued October 22, 
2002, entitled "Method, apparatus, and computer program products 
for alerting surface vessels to hazardous conditions"; U.S. Patent 
No. 6,445,310, issued September 3, 2002, entitled "Apparatus, 
methods, computer program products for generating a runway field 
clearance floor envelope about a selected runway", U.S. Patent No. 
6,380,870, issued April 30, 2002, entitled "Apparatus, methods, 
and computer program products for determining a look ahead 
distance value for high speed flight"; U.S. Patent No. 6,347,263, 
issued January 12, 2002, entitled "Aircraft terrain information 
system"; U.S. Patent No. 6,292,721, issued September 18, 2001, 
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entitled "Premature descent into terrain visual awareness 
enhancement to EGPWS"; and U.S. Patent No. 6,219,592, issued April 
17, 2001, entitled "Method and apparatus for terrain awareness", 
all of which are incorporated herein by reference. 

[0014] Another technique for detection of an aircraft potential 
collision with terrain is the FAA.'s Minimum Safe Altitude Warning 
(MSAW) system where the air traffic controller is notified when 
the barometric reported altitude of an aircraft falls below a 
threshold set for the geographic locations of the aircraft, as 
reported by radar (See: www.FAA.gov). The problem with this 
system is that it relies upon the barometric pressure calibration 
on the aircraft transponder of each aircraft. Moreover, the 
system adds to the load of an air traffic controller if they are 
required to give verbal warnings. As with any system with a man 
in the loop, it may be subject to mishap, and moreover any 

<» 

warnings may be given too late. 

[0015] Moreover, the increased use of electronics in the cockpit 
has resulted in increased workload for the cockpit crew as various 
navigation, collision avoidance, and other electronics need to be 
tended to and monitored. A CFIT system adds to this electronic 
workload by providing yet another system which a pilot needs to 
monitor . 
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[0016] Thus, it remains a requirement in the art to provide 
protection for aircraft not provided with special CFIT avionics or 
other types of safety monitoring equipment. 

[0017] In the United States, for example, there are over 2,000 
commercial aircraft which are generally well-equipped with 
avionics devices, but over 200,000 General Aviation Aircraft which 
are lesser equipped, and would benefit from any system which can 
make use of ground-based systems which datalink information up to 
the pilot. Such a system would provide the advantages of state of 
the art avionics to most of these General Aviation aircraft at a 
far lower cost than conventional airborne avionics. 

SUMMARY OF THE INVENTION 

[0018] A ground-based CFIT warning system provides pilots with 
CFIT alerts. The system is based upon a ground-based tracking 
system, which provides surveillance of aircraft, such as the 
AirScene™ multilateration system manufactured by Rannoch 
Corporation of Alexandria, Virginia. The system monitors both 
horizontal and vertical positions of aircraft. When an aircraft 
has been determined to be operating below safe altitudes, or too 
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close to obstructions, the pilot is provided with a warning. The 
warning may be delivered via the pilot's voice communications 
and/or a data link or the like. 

[0019] The method and apparatus of the present invention offer 
many advantages over the prior art of record. For example, the 
system of the present invention does not require any special 
aircraft equipage other than conventional transponders and radio 
gear. The present invention provides warnings directly to the 
pilot (not to an air traffic controller) . The present invention 
can also work where there is limited or no conventional radar 
coverage (such as small municipal airports or the like) . 
Moreover, the present invention can use either (or both) 
barometric or calculated altitude to determine proximity warnings. 

[0020] The concept of the present invention may also be applied 
to other types of collision warning systems. In particular, the 
present invention can track multiple aircraft and provide warnings 
if two or more aircraft appear to be on a collision course, and 
advise each pilot of appropriate action to take. The apparatus of 
the present invention may also be used to prevent collisions on 
the ground with other aircraft or service vehicles or the like. A 
pilot may be warned when an aircraft or vehicle is in the path or 
on a collision course with the aircraft. The present invention 
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can also be used to warn pilots if they are violating noise 
profile contours, noise abatement procedures, or the like, and 
thus help reduce airport noise complaints. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figure 1 is a diagram illustrating the approach path of an 
airplane to a runway, showing the minimum save altitude level 
relative to terrain. 

[0022] Figure 2 is a block diagram illustrating the major 
components of the apparatus of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Figure 1 is a diagram illustrating the approach path of an 
airplane to a runway, showing the minimum save altitude level 
relative to terrain. Aircraft 140 is on final approach to runway 
150 taking approach path 130. Terrain 110 may include obstacles 
such as mountains, towers, buildings or the like. In order to 
prevent a controlled flight into terrain (CFIT) accident, a 
minimum safe altitude profile 120 may be established for each 
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airport, according to FAA records and other information. In Prior 
Art on-board systems, this minimum safe altitude profile 120 may 
be stored in a database and a warning sounded if aircraft 140 
drops below this minimum safe altitude at any time while on 
approach 130. 

[0024] Figure 2 is a block diagram illustrating the major 
components of the apparatus of the present invention. Unlike the 
Prior Art, which relies upon on-board solutions, the present 
invention may track aircraft 140 using a 2 or 3-dimensional 
multilateration, which may track the aircraft as it approaches or 
departs the airport. 

[0025] As illustrated, in Figure 1, the position of aircraft 140 
may be tracked relative to a safe altitude 120 designated for that 
area. Should the aircraft descend below that altitude 120 or show 
intent to do so the system can automatically generate an alert, 
which will be passed to the pilot using a variety of datalinks 
including voice frequencies. 

[0026] Referring to Figure 2, a multilateration system 200 may be 
provided with a central processor 250 and a plurality of remote 
receiver units 210, 220, 230, and 240. Based upon differential 
time of receipt of radio messages (such as transponder messages) 
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from an aircraft and the multiple remote receiver units 210, 220, 
230, and 240, central processor can determine quite accurately the 
position of an aircraft in two or three dimensions, as well as the 
course, heading and speed of the craft. 

[0027] Detailed description of the multilateration system is 
omitted here for clarity. The above-captioned Rannoch Corporation 
Patents and pending applications, incorporated by reference 
disclose the operation of a multilateration system. Moreover, one 
of ordinary skill in the art can appreciate and understand how 
such systems work. Different numbers of remote receiver units 
210, 220, 230, and 240 may be used depending upon application, 
desired accuracy, and the like. Four are shown for purposes of 
illustration only. 

[0028] It should also be noted that the present invention could 
be adapted to use other types of aircraft tracking systems 
including, but not limited to, radar systems (active and passive) 
as well as reported GPS positions and the like. The main point is 
that position warning information is output from block 200. 

[0029] Central processor 250 may be suitably modified to include 
an MSAW database of minimum safe altitudes for areas surrounding 
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an airport or other area of tracking coverage (e.g., the 
multilateration system coverage area) . Central processor compares 
the position of aircraft 140 as determined by the multilateration 
system and outputs a signal to datalink 260 and or Super Unicom 
270 if aircraft 140 appears to be below the minimum safe altitude. 

[0030] In addition, central processor 250 may determine if an 
aircraft appears to be on a course, which may imminently take it 
below the minimum safe altitude. As noted above, the present 
invention may also track multiple aircraft and provide warnings if 
two aircraft are in close proximity, on collision (or near miss) 
courses, or the like. In addition, an aircraft's position can be 
tracked on the ground and warnings generated if the aircraft 
appears to be headed for a ground obstruction, service vehicle, or 
other hazard. The system could also warn pilots if they are off 
centerline of the runway, off course, landing on the wrong runway 
or a taxiway, or the like. In the primary embodiment, however, 
minimum safe altitude is the primary parameter that is checked. 

[0031] If it is determined that aircraft 14 0 is below the minimum 
safe altitude or approaching the minimum safe altitude (or other 
warning parameter as previously discussed) , then a warning may be 
sent to the pilot via Super Unicom (or other radio link) 270 to 
pilot headset 290. This warning may comprise a computer generated 
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audio message broadcast on the working frequency or frequencies of 
a particular airport or air traffic area. To prevent confusion, 
the warning may include identification information to identify a 
particular aircraft by tail number or flight number. A sample of 
such a warning message could be "N1727AXA you are approaching 
minimum safe altitude, pull up!" 

[0032] Aircraft tail number or other identifying information may 
be retrieved from the transponder code or other identifying 
indicia, including voice communication data, as described in many 
of the aforementioned incorporated Patents. In addition to voice 
commands, other types of warnings may be used such as audio tones, 
beeps, and other indicators. Additional Super Unicorns 27 6 
(comprising units 272, 274 and the like) may be used for coverage 
at different airports in a single region (e.g., National, Dulles, 
BWI) or to operate on different working frequencies. 

[0033] A visual and aural alert may also be transmitted to a 
pilot by datalink 260. Datalink 260 may comprise any one of a 
number of known data transmission systems for aircraft, or a 
unique system developed for the present invention. In the 
preferred embodiment, datalink 260 may comprise, for example a 
digital data path on any approved frequency such as a digital VHF 
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or Universal Access Transceiver frequencies such as in the 900- 
1000 MHz Band. 

[0034] Warnings may be displayed on a cockpit display 2 90 which 
may comprise a GPS display, aircraft tracking display, or other 
device, or simply a cockpit warning light. A visual display may 
color the flight path on the display in a warning color, provide a 
text message, or simply flash. In addition to the visual display, 
a audio alert may be generated. The audio alert may comprise a 
buzzer, beep or other sound, or may comprise a computer generated 
voice message or the like. 

[0035] Unlike the prior art, which requires that an aircraft be 
equipped with a rather cumbersome, expensive and heavy computer 
system to detect when the craft is below minimum safe altitude, 
the present invention can operate with existing aircraft with 
little or no modification whatsoever. If an aircraft has only a 
transponder and a radio, it can receive minimum safe altitude and 
other warnings from the system of the present invention. 

[0036] The system operates in a manner totally transparent to the 
pilot such that the pilot may not even be aware the system is 
present unless a warning condition is present. Thus, the pilot is 
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not distracted with yet another instrument to monitor and maintain 
during flight. 

[0037] Moreover, by providing a ground-based system, the present 
invention limits the number of databases, which need to be updated 
with obstacle data. Rather than update the databases for every 
aircraft equipped with an on-board MSAW system, as in the Prior 
Art, in the present invention only the local airport system 
database need be updated. This update can be automated to receive 
data from the FAA or other central database, or input data from 
local airport managers, who generally have a better understanding 
of local obstructions. 

[0038] The use of the passive multilateration system of the 
present invention allows the system to be installed, in one 
embodiment, without any interface to existing airport equipment, 
in particular, air traffic control (ATC) radar. The system of the 
present invention may be installed off-site from the airport and 
thus need not be maintained by airport personnel. The system of 
the present invention lends itself well to smaller municipal and 
private airports where many general aviation and small commuter 
craft may be present, many of which may not be equipped with MSAW 
equipment. As the present invention may also be used to warn of 
noise profile violations, it may also help smaller airports reduce 
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noise complaints. This latter feature may be particularly useful 
to owners and operators of smaller airports. As development 
encroaches upon the space surrounding such smaller airports, they 
are often targeted for closure by local residents and the like due 
to noise concerns. 

[0039] While the preferred embodiment and various alternative 
embodiments of the invention have been disclosed and described in 
detail herein, it may be apparent to those skilled in the art that 
various changes in form and detail may be made therein without 
departing from the spirit and scope thereof. 
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